Micrococcoides hystricis gen. nov., sp. nov., a novel member of the family Micrococcaceae, phylum Actinobacteria 
The faecal microbial community of domestic animals and pets is well studied, but less is known about the microbial composition of faeces of wild animals. We investigated the faeces of zoo inhabitant herbivores (for example Indian crested porcupine) in order to study their bacterial community and isolate novel bacteria. One of these novel isolates is strain TSL3
T . The Indian crested porcupine (Hystrix indica) is a large rodent, weighing 11-18 kg, with a length of 70-90 cm and an average lifespan of 20 years. They can be found throughout Southeast and Central Asia and in parts of the Middle East. Indian crested porcupines are semi-fossorial and have a broad and mostly herbivorous diet. Their main food source is vegetable material of all kinds, including fruit, grains and roots, and they often eat crop plants.
The description of the family Micrococcaceae by Pribham in 1929 [1, 2] was emended, based on 16S rRNA gene analysis [3] , and updated by Zhi et al. [4] . The type genus is Micrococcus [5, 6] , and the latest genus described with a validly published name is Enteractinococcus [7] . The aim of the present work was to determine the taxonomic position of strain TSL3
T and to describe this using a polyphasic approach.
Strain TSL3
T was isolated from faecal samples of the porcupine Hystrix indica from Budapest Zoo and Botanical Garden (Hungary), in 2013. The faecal sample was collected from the ground of the paddock with a sterile spoon and placed into sterile tubes. Then the sample was homogenized by vortexing and serially diluted with peptone water (9 g peptone, 1 g NaCl, in 1 l dH 2 O). It was subsequently spread on LB agar (DSM medium No. 381, www.dsmz.de) and incubated at 37 C for 3 days for the isolation of bacteria. Biomass for chemical and molecular studies was IP: 54.70. 40.11 On: Sun, 04 Aug 2019 14:13 :28 obtained by cultivation in shaker flasks (180 r.p.m.) using LB medium at 28 C for 1 day. Colony morphology of strain TSL3
T was tested on TSA agar medium (DSM medium No. 545 with agarose, www.dsmz.de) by directly observing single colonies. The size, shape and arrangement of cells of strain TSL3
T were studied by native preparations and by Gram staining according to Claus [8] . Motility was studied by light microscopy (Zeiss 436245) and electron microscopy (Morgagni 268D) using cells from exponentially growing cultures [9] . Oxidase activity was studied by the method of Tarrand and Gröschel [10] . Catalase production was demonstrated by the methods of Barrow and Feltham [11] . Growth at different temperatures (from 4 to 60 C), NaCl tolerance (1-10 %, w/v) and pH tolerance (pH 4-12, using increments of 1 pH unit) were determined using TSB medium. Urease activity, starch hydrolysis, caseinase, gelatinase and phosphatase activity were studied according to Smibert and Krieg [12] . Acid production from different carbon sources, the assimilation of different substrates and the enzymatic activities of strain TSL3 T were investigated with API 50 CH, API 20 NE and API ZYM kits (BioM erieux), according to the manufacturer's instructions. The API tests were read after 24-48 h incubation at 28 C. Growth under anaerobic conditions was examined using agar slant cultures on LB medium incubated for one week in an anaerobic chamber (Forma Scientific) at 28 C. The morphological and physiological characteristics were examined in a side-by-side analysis of the two related strains, Micrococcus terreus (DSM 28110) and Arthrobacter humicola (DSM 25587).
Arthrobacter globiformis DSM 20124 T (X80736)
Arthrobacter pascens DSM 20545 T (X80740)
Arthrobacter humicola KV-653 T (AB279890)
Arthrobacter oryzae KV-651 T (AB279889) Isoprenoid quinones were extracted from lyophilized cells [13] and cultivated in liquid LB medium. The profile was analysed by HPLC, according to the method of Groth et al. [14] . For polar lipid and fatty acid analyses the strains were cultivated in LB liquid medium until their exponential growth phase, for 24 h. Fatty acid methyl esters were obtained following the method of Stead et al. [15] and were analysed by using an Agilent 6850 chromatograph with the MIDI Microbial Identification System (Library TSBA40, 4.10; Sherlock software package, version 6.1). Summed feature components were identified by GC/MS using a Single Quad 320 instrument (Varian). Polar lipids were determined according to the method described by Tóth et al. [16] . Equal amounts of lipid extracts of strain TSL3
T and of Haematomicrobium sanguinis DSM 21259
T [17] were cochromatographed, and polar lipids were detected with anaphthol spray reagent and heating at 100 C for 5 min for the identification of glycolipids (Fig. S1 , available in the online Supplementary Material). The cell wall peptidoglycan was isolated and the peptidoglycan structure was analyzed according to published protocols [18] . The guanine-cytosine ratio (G+C) was determined in silico based on genome project data (data not shown, the genome project was performed by SeqOmics Biotechnology Ltd., Hungary). The genome analysis revealed 3 copies of the 16S rRNS gene with identical nucleotide sequences.
To perform PCR amplification of the 16S rRNA gene, genomic DNA was isolated using an UltraClean Microbial DNA Isolation Kit (MoBio Laboratories). Amplification of the 16S rRNA gene was performed using 27F and 1492R primers [19] . PCR products were purified and sequenced by BaseClear B.V. (Leiden, The Netherlands). The 1427 bp long sequence of strain TSL3
T was compared with 16S rRNA gene sequences using the EzTaxon server (http:// www.ezbiocloud.net/eztaxon) [20] for an approximate phylogenetic affiliation. Sequence similarity values between strain TSL3
T and related taxa were calculated by using the FASTA3 program at EBI (http://www.ebi.ac.uk/fasta33/ nucleotide.html). Phylogenetic trees were reconstructed using the neighbour-joining [21] and maximum-likelihood [22] methods with Kimura's two-parameter calculation model and the maximum-parsimony algorithm [23] using MEGA version 6.0 [24] . Tree topologies and distances were evaluated by bootstrap analysis based on 1000 replicates.
Phylogenetic analysis, based on 16S rRNA gene sequences, indicated that strain TSL3
T formed a distinct phyletic lineage within the family Micrococcaceae (Fig. 1) . Highest 16S rRNA gene sequence similarity values with the closest relatives were as follows: Micrococcus terreus V3M1 T (96.50 %) [25] , Arthrobacter humicola KV-653 T (96.43 %) [26] and Arthrobacter oryzae KV-651 T (96.21 %) [26] . The latter two species of the genus Arthrobacter belong together with the type species Arthrobacter globiformis and Arthrobacter pascens in the genus Arthrobacter sensu stricto, as defined by Busse [27] . The overall topology of the neighbour-joining tree was similar to that of the maximum-likelihood and maximum parsimony trees (data not shown). Binary 16S rRNA gene sequence similarity values with the closest relatives were slightly higher than the threshold value (approximately 95 %) suggested for the delineation of new genera by Tindall et al. [28] . However, the topology of the neighbourjoining tree (Fig. 1) , where strain TSL3
T branches deeply from all closely related taxa in combination with the unusual set of chemotaxonomic characteristics (see below) support the view that strain TSL3
T represents a novel genus within the family Micrococcaceae. Also, according to Kim et al. [29] , based on pairwise comparison of bacterial genomes, the species/genus threshold should be increased. Patterns of selected 16S rRNA gene signature nucleotides defined for the family Micrococcaceae [4] were consistent with nucleotides determined for the 16S rRNA gene sequence of strain TSL3
T , except that U-C were determined at positions 602-636, respectively. Position 120, given as W by Zhi et al. [4] , was determined as A.
TSA medium was used for general laboratory cultivation, but the novel strain also grew well on LB medium, with no growth observed on nutrient agar medium (DSM Medium No. 1, www.dsmz.de). Colonies on TSA medium were cream, circular, convex and waxy. The cells were Gram-stain-positive, aerobic and coccoid-shaped (Fig. 2) . Good growth could be observed between 20 and 50 C with the optimum between 20-37 C. The salinity range for growth in TSB was 1-8 % (w/v), with the optimum range for growth between 1-2 % (w/v). Growth was studied at pH values from 4 to 12, with optimal growth observed between pH 9-10. API 50 CH tests were negative for all components, but assimilation of phenylacetic acid was demonstrated by the API 20 NE test. In API ZYM tests, strain TSL3
T showed activities of esterase (C4), esterase lipase (C8), leucine arylamidase, trypsin, acid phosphatase and naphtol-AS-BI-phosphohydrolase enzymes. More 2 mm detailed characteristics and a comparison of phenotypic features are given in Table 1 .
Chemotaxonomical analyses revealed some characteristic differences, as compared to its closest relatives (Table 2) and to type strains of type species of genera in the family (Table 3 ). Strain TSL3 T shows the peptidoglycan structure A4alpha L-Lys -Gly -L-Glu (A11.56; www.peptidoglycantypes.info). This peptidoglycan structure has been found so far only in Nesterenkonia halobia [30] and in three strains of Arthrobacter sp. [31] . The menaquinone systems of related taxa significantly differed from that of strain TSL3
T . The predominant isoprenoid quinone of strain TSL3
T was MK-7 (91 %), and a trace amount of MK-6 (4 %) and MK-8 (3 %) were also observed. The main fatty acids of this novel bacterium were anteiso-C 15 : 0 (54.4 %) and iso-C 16 : 0 (18.2 %). In related genera the predominant fatty acids are anteiso-C 15 : 0 and iso-C 15 : 0 . The high abundance of iso-C 16 : 0 is unique to strain TSL3 T ( Table 4 ). The polar lipid profile contains the major lipids phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), dimannosylglyceride (DMG) and moderate amounts of phosphatidylinositol (PI), trimannosyldiacylglycerol (TMDG), 3 unknown phospholipids (PL 1-3) and 2 unknown glycolipids (GL 7 and GL 13) (Fig. 3) . A similar composition of polar lipids was found in the genus Micrococcus [6] and in the genus Arthrobacter sensu stricto, however, the genus Arthrobacter sensu stricto contains no phospholipids [27] . The occurrence of 3 unidentified phospholipids differentiates strain TSL3
T from representatives of both genera. The G+C content of the DNA was determined to be 58.4 mol%.
According to the phylogenetic analysis, based on the 16S rRNA gene, TSL3
T branches deeply from the genus Micrococcus and is related to members of the genus Arthrobacter sensu stricto according to Busse [27] . Chemotaxonomic data such as the dominance of MK-7, the presence of the peptidoglycan structure L-Lys -Gly -L-Glu (A11.56) and the fatty Tersicoccus phoenicis 1P05MA T [53] , Yania halotolerans YIM 70085 T [54] and Zhihengliuella halotolerans YIM 70185 T [55] . AL, aminolipid; APL, aminophospholipid; DMDG, dimannosyldiacylglycerol; DMG, dimannosylglyceride; DGDG, digalactosyldiacylglycerol; DPG, diphosphatidylglycerol; GL, glycolipid; L, lipid; MGDG, monogalactosyldiacylglycerol; PC, phosphatidylcholine; PI, phosphatidylinositol; PIM, phosphatidylinositol mannoside; PME, phosphatidylmonomethylethanolamine; PG, phosphatidylglycerol; PL, phospholipid; TMDG, trimannosyldiacylglycerol. acid profile with the high ratio of i-C 16 : 0 differentiates strain TSL3 T from phylogenetically related genera of the family Micrococcaceae, and support the proposal for its affiliation to a novel species in a novel genus for which the name Micrococcoides hystricis gen. nov., sp. nov. is proposed.
DESCRIPTION OF MICROCOCCOIDES GEN. NOV.
Micrococcoides (Mi.cro.coc.co'i.des. N.L. masc. n. Micrococcus a bacterial genus; -oides (from Gr. suff. -eides, derived from Gr. neut. n. eidos: that which is seen, form, shape, figure) resembling, similar; N.L. neut. n. Micrococcoides resembling Micrococcus).
Cells are non-motile, Gram-stain-positive, non-spore-forming and coccoid. Catalase-and oxidase-positive. The peptidoglycan type is A4a with L-Lys -Gly -L-Glu in the interpeptide bridge. Major fatty acids are anteiso-C 15 : 0 and iso-C 16:0 . The major isoprenoid quinone is menaquinone MK-7. The polar lipid profile contains phosphatidylglycerol, diphosphatidylglycerol, dimannosylglyceride, trimannosyldiacylglycerol, phosphatidylinositol, unknown phospholipids and glycolipids. On the basis of analysis of 16S rRNA gene sequence the genus is affiliated to the family Micrococcacceae in the phylum Actinobacteria.
The type species is 'Micrococcoides hystricis'.
DESCRIPTION OF MICROCOCCOIDES HYSTRICIS SP. NOV.
Micrococcoides hystricis (hys'tri.cis. L. gen. fem. n. hystricis of a porcupine, of Hystrix indica).
In addition to the characteristics described for the genus, the species has the following properties. It grows well on TSA and LB agar, but no growth is observed on nutrient medium. Colonies are cream, circular, convex and waxy. Cells are 0.9-1.1Â0.7 µm. Grows at 4-50 C (optimum, 20-27 C), pH 7-11 (optimum, pH 9-10) and at a NaCl concentration of 1-8 % (w/v, optimum, 1-2 %). Hydrolyzes starch, assimilates phenylacetate and D-glucose. Indole production from L-tryptophane was also detected. Positive for esterase (C4), esterase lipase (C8), leucine arylamidase, trypsin, acid phosphatase and naphthol-AS-BIphosphohydrolase.
The type strain TSL3 T (=DSM 29785 T =NCAIM B. 02604 T ) was isolated from the faeces of Hystrix indica from Budapest Zoo and Botanical Garden, Hungary. The genomic DNA G +C content of the type strain is 58.4 mol%.
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